Urban green infrastructure provides important regulating ecosystem services, such as temperature and flood regulation, and thus, has the potential to increase the resilience of African cities to climate change. Differing characteristics of urban areas can be conceptualised and subsequently mapped through the idea of Urban Morphology Types (UMTs) -classifications which combine facets of urban form and function. When mapped, UMT units provide biophysically relevant meso-scale geographical zones which can be used as the basis for understanding climate-related impacts and adaptations. For example, they support the assessment of urban temperature patterns and the temperature regulation services provided by urban green structures. UMTs have been used for assessing regulating ecosystem services in European cities but little similar knowledge is available in an African context. This paper outlines the concept of UMTs and how they were applied to two African case study cities: Addis Ababa, Ethiopia and Dar es Salaam, Tanzania. It then presents the data and methods used to understand provision of temperature regulation services across the two cities.
Introduction
Africa is a continent particularly at risk from climate change. Temperature increases during the 21st 3 century are expected to be in the range 3-4°C -about 1.5 times larger than the projected increase in 4 global mean temperatures (Christensen et al., 2007; Gualdi et al., 2012) . Furthermore, by 2035, 5 around 50% of Africa's population is expected to live in urban areas (United Nations, 2012). Rates of 6 urban development are still outpacing those of economic growth and infrastructure development in 7 many urban areas. This, coupled with high levels of unemployment and inadequate standards of 8 housing and services, means that those living in African cities are among the most vulnerable to 9 climatic extremes and natural disasters such as heat waves, droughts, flooding, erosion and sea level 10 rise. 11 12
The fast rate of urban development in response to rising demographic pressure -Africa is around 13 40% urban, growing at 1.27% per annum (United Nations, 2012) -and in particular, unplanned 14 development, also threatens urban ecosystems. This is a particularly topical issue since urban 15 ecosystems can provide a range of benefits for human health and wellbeing that arise as a result of 16 ecosystem structure and functioning. The Millennium Ecosystem Assessment frames these 17 ecosystem services as being associated with supporting, cultural, provisioning and regulating roles 18 (MEA, 2005) . The regulating roles of urban ecosystems are of particular relevance for meeting the 19 challenges of planning for future climate variability. Regulating services encompass benefits 20 obtained from the regulation of ecosystem-related processes, including those of climate, water, 21 carbon and some human diseases (MEA, 2005) . This paper focuses specifically on local climate 22 regulation services. 23 24
Despite the recognised importance of climate regulation services, such non-marketed services 25 provided by ecosystems remain unrecognised due to their less tangible nature, and as a result are 26 regularly degraded (MEA, 2005; Busch et al., 2012). Adebayo (1990) notes that building and urban 27 design in tropical Africa rarely takes account of local climatic conditions, due to a history of external 28 influence, the rapid increase of slums, planners lacking training and knowledge, the political 29 environment, and a lack of research on local urban climates. Unplanned development (e.g. when this 30 acts as a barrier to sea breeze) is potentially the biggest threat to climate regulating services for 31 human thermal comfort (Emmanuel and Johansson, 2006) . Unplanned development may heighten 32 the risk of heat-related mortality (McMichael et al., 2008) , particularly given the association 33 between high excess mortality for heat-related deaths and informal housing (Scovronick and 34 Armstrong, 2012). Improving thermal performance of low cost housing -formal and informal -was 35 identified as an important modifier in reducing heat-related mortality (Scovronick and Armstrong, 36 2012), but changes to other facets of the built environment that act to mitigate the Urban Heat 37
Island (UHI) effect are also important, including the role of urban green space. 38
The value of urban green spaces in providing local climate regulation services is widely recognised 39 (Bolund and Hunhammar, 1999 The disappearance of green space from urban areas is a significant threat globally and African cities 62 are no exception. Fast urban expansion threatens the destruction of green space as land cover 63 gradually changes from bushland, grassland and crops, to bare land, as trees are felled for 64 construction and fuel, and areas are cleared for residential and industrial development. Given the 65 high pace of change in African cities, it is important to develop a current understanding of the urban 66 fabric and the ecosystem services associated with its green structures. Understanding of the baseline 67 ecological and social fabric is also an essential element of any study investigating the impacts of 68 climate change on an urban area. A baseline assessment can also be used to devise indicators for 69 assessing trends in the quantity and quality of ecosystem services to understand the extent to which 70 these are being sustained or lost over time, in order to inform appropriate policy responses (Layke et 71 al., 2012 The mapped UMT categories provide comprehensive spatial information about urban form but do 178 not provide information about the typical land surface cover proportions within these UMTs. Since 179 important green structures exist outside the UMTs that are wholly or mostly green, such as 180 agricultural land, it is also important to assess the land surface cover composition within these other 181
UMTs to determine their green structure types, proportions, and thus, assess the associated 182 ecosystem services that they provide. 183 184
Land surface cover assessment was carried out for each UMT category by visual interpretation of 185 orthophotos following the methodology of Gill et al. (2008) . Due to the large areas involved, a 186 random point sampling strategy was devised to investigate the land surface cover on a point-by-187 point basis, whereby the number of points analysed within each UMT category was proportional to 188 the overall area coverage of the UMT category (Cavan et al., 2012 
Where R is the net radiation flux to the earth's surface, H is the sensible heat flux due to convection, 229 LE is the latent heat flux due to evaporation, G is the conductive heat flux into the soil, and M is the 230 heat flux to storage in the built environment (Tso et al., 1991; 1990 The primary UMT class with the largest area within both cities is residential, totalling around 47% 337 and 35% of the land area in Dar es Salaam and Addis Ababa respectively (Table 1) . As population 338 growth is increasing pressure on housing demands and driving rapid growth of residential areas, it is 339 important to look at the detailed residential UMTs in particular to understand the provision for 340 temperature regulation ecosystem services. In addition, current planning policies in African cities 341 aim to convert high density informal unplanned settlements areas to formal planned housing types, 342
and such changes will have consequences for provision of temperature regulation services. 343 344
The The quality of green structure is also important in determining the effectiveness of temperature 358 regulation services provision. This includes the combination of land surface cover types, whereby 359 trees over grass is the most effective landscape strategy, due to provision of both cooling through In the case of Addis Ababa, the land surface cover analysis shows that Mud/wood construction 377
UMTs have both larger amounts of green space and arguably higher quality green space, with a 378 greater proportion of large trees compared to both Condominium and Villa & single storey UMTs 379 ( Figure 6 ). Therefore, Mud/wood construction UMTs provide better temperature regulation services 380 than other residential UMTs. A lower building mass in Mud/wood construction UMTs also acts to 381 lower the surface temperatures. This is a particularly important issue because the urban renewal 382 strategy of Addis Ababa municipality aims to densify the city by converting all mud/wood housing 383 types in informal settlements into condominiums. Thus, increasing Condominium UMT areas will 384 increase impervious surfaces, built mass, and reduce the quantity and quality of green structure, 385 reducing the capacity for provision of temperature regulation services. 386 387
In Dar es Salaam, excluding scattered settlements (due to their distance from the urban centre and 388 therefore incomparability to other residential areas), Condominium UMTs have not only the largest 389 amount of green space, but also the highest quality green space, with the greatest proportion of 390 large trees providing more shade from high temperatures due to their larger crown size. 391
Additionally, despite their informal and unplanned nature, Mud/wood construction UMTs have good 392 quality green structures, with a similar proportion of trees to Condominium UMTs, though fewer 393
proportions of large trees (12% compared to 17% in Condominium UMTs). As this residential type is 394 upgraded into formal residential areas, it is essential that the quality of green structure remains. 395 396
Findings from both cities therefore indicate that unlike many European cities, there is little evidence 397 suggesting that higher class residential areas, including Villa and single storey UMTs, have more 398 green space and therefore better provision of temperature regulation services, particularly 399 demanded during heat waves. However, the characteristics of housing also matter to a large extent, 400 with different housing types providing different insulation properties and protecting from heat and 401 cold to different extents, directly impacting on temperature-related mortality (Scovronick and  402 Armstrong, 2012). Interestingly, analysis suggests that traditionally constructed housing provides 403 more protection from heat than formal low-cost housing (Scovronick and Armstrong, 2012 As with all modelling approaches, the reliability of the model output is strongly reliant on the quality 436 of input parameters. Whilst it is challenging to source some model input parameters at a local level, 437 the best information available was used to construct the model and all input parameters and 438 calculation methods are transparent. Further, model sensitivity testing illustrates that changing any 439 model parameter by 10% results in a change in surface temperatures by a maximum of 1.5°C (Gill, 440 2006 ). Since such changes would apply across all UMTs, the relative differences between UMTs 441 would remain similar. Parameters that most affect the surface temperature output include peak 442 insolation, wind velocity at the surface boundary layer, evaporative fraction and parameters relating 443 to the reference temperature (Gill, 2006 
